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Venkatesh et al. provide invaluable
insight into HGG, revealing not only a
greater mechanistic understanding of
the regulation of glioma growth, but
also a potential therapeutic target in
neuroligin-3. Their observations that
neuronal activity promotes the prolifera-
tion of multiple glioma types and that
neuroligin-3 is mutated in a variety of
different types of cancers, combined
with recent studies implicating auto-
nomic innervation with cancer progres-
sion in other systems (Magnon et al.,
2013; Zhao et al., 2014), suggest that
this mechanism may be broadly appli-
cable to many cancers.706 Cell 161, May 7, 2015 ª2015 Elsevier IncREFERENCES
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Cone photoreceptors, responsible for high-resolution and color vision, progressively degenerate
following the death of rod photoreceptors in the blinding disease retinitis pigmentosa. Aı¨t-Ali
et al. describe a molecular mechanism by which RdCVF, a factor normally released by rods, con-
trols glucose entry into cones, enhancing their survival.The retina is a highly sophisticated biolog-
ical computer that captures an image with
its photoreceptors and extracts different
visual features to describe the visual
scene to higher brain centers in simple
and compact terms. Although photore-
ceptors, the rods and cones, are only
two out of the sixty retinal cell types,
they are exceptionally important: all
image-forming vision depends on their
proper function. Despite the fact that
rods outnumber cones 20 to 1, human
vision is mostly based on cones. Rods
are distributed at the periphery of the
retina and are the photosensors for low
light levels. Cones are concentrated in
the center of the retina and work at higher
light levels. Since cones are necessary for
the high-resolution color vision that en-
ables us to read, recognize faces, and en-
joy the colorful world, in the modern worldwe surround ourselves with enough light
to turn on the cones. Most of us spend lit-
tle time in conditions where photons are
scarce and, therefore, our dependence
on rod function is minor. A study pre-
sented in this issue of Cell offers key
insight into the interdependence of rods
and cones, and how it is disrupted in the
genetic disorder retinitis pigmentosa
(Aı¨t-Ali et al., 2015)
The genes involved in retinitis pigmen-
tosa are primarily expressed only in rods
and are important for their function (Har-
tong et al., 2006). If humans rely mostly
on cone vision, why is this disease so se-
vere? The reason stems from the fact that
rods and cones are dependent on each
other. When rods are dysfunctional but
alive, as in another genetic disease called
stationary night blindness, cones are
functional. Indeed, patients with station-ary night blindness are capable of living
an almost normal life. However, when
rods die, as happens in retinitis pigmen-
tosa, cones sense this loss and react to
it. This reaction is devastating. First,
cones lose their outer segments, which
serve as light detectors, causing patients
to become blind. Second, on a longer
timescale, the other parts of the cones
progressively degenerate.
Due to the importance of cones for hu-
man vision, and their dependence on
rods, two fundamental questions in reti-
nitis pigmentosa research are why and
how do cones react to rod death and
how can we prevent cones from degen-
erating?. There have been several im-
portant insights in recent years. One of
these insights, originating in Jose´-Alain
Sahelʼs laboratory, came from the logic
that if rods are necessary for cone
Figure 1. Rods Regulate Glucose Entry into Cones
In normal retinas, rod photoreceptors secrete rod-derived cone viability factor
(RdCVF), which is necessary for cone photoreceptor survival. RdCVF binds to
Basigin-1, which through the glucose transporter GLUT1, regulates glucose
uptake by cones.When rods are lost, the resulting lack of RdCVF leads to cone
starvation, which in turn leads to cone degeneration.survival, rods may release a
factor that enhances cone
survival (Mohand-Said et al.,
1998). Indeed, such a
molecule, named rod-derived
cone viability factor (RdCVF)
has been identified by Thierry
Le´veillard and Jose´-Alain Sa-
hel (Le´veillard et al., 2004). It
has been shown that, after
rods die, the resulting loss
of RdCVF production contrib-
utes to cone degeneration,
and that externally supplied
RdCVF slows down this pro-
cess (Byrne et al., 2015; Le´v-
eillard and Sahel, 2010).
However, the RdCVF recep-
tor in cones has been un-
known, and the mode of ac-
tion for protecting cones
remained unclear.
The present study by the
Le´veillard group (Aı¨t-Ali et al.,
2015) identify an RdCVF re-
ceptor, Basigin-1, and pro-
pose a mechanism, namely
an increase in glucose trans-
port via GLUT1 and a con-
comitant increase in aerobic
glycolysis, that could be
responsible for the protection
of cones (Figure 1). The au-thors identifyandverifyBasigin-1as the re-
ceptor of RdCVF for its trophic function in
cones using numerous experimental ap-
proaches both in vitro and in vivo.
After identifying the receptor, Aı¨t-Ali et al.
search for the mechanism leading to
enhanced cone survival. Using co-immu-
noprecipitation followed by mass spec-
trometry and fluorescence resonance
energy transfer assay, they find a glucose
transporter, GLUT1, which interacts with
Basigin-1. Both Basigin-1 and GLUT1 are
expressed in photoreceptor inner seg-
ments and are essential for increased
cone survival mediated by ectopic RdCVF
administration. Aı¨t-Ali et al. point out that
cones are highly sensitive to glucose
deprivation, suggesting that a glucose
uptake-related pathway may underlie
the ability of RdCVF to preserve
cones. Consistently, using a non-
metabolized glucose analog, the authors
showed that exposure to RdCVF
increasedglucose entry intocones.Deple-
tion of Basigin-1 and GLUT1 significantlyimpairs RdCVF-mediated glucose uptake.
How does glucose supply improve cone
survival? Aı¨t-Ali et al. observe that cones
exposed to RdCVF have increased intra-
cellular ATP concentrations and propose
that ATP is produced in an unusual form
of aerobic glycolysis, in which glucose is
converted to lactate in the presence of ox-
ygen. This metabolic process requires
lactate dehydrogenase activity, and its
inhibition abolishes RdCVF-mediated
cone survival.
It has recently been shown that activa-
tion of mTORC1 increases cone survival
partly by increasing glucose uptake (Ven-
katesh et al., 2015), suggesting that
accelerating glucose entry into the cell is
a convergence point for different path-
ways, such as RdCVF and mTOR, which
protect cones. Thus, starvation appears
to be a major contributor to cone degen-
eration in retinitis pigmentosa (Punzo
et al., 2009), and feeding cones emerges
as a central theme to assist in protecting
them.Cell 161, May 7One of the most important
implications of the identifica-
tion of the RdCVF receptor
Basigin-1 and its binding
partner GLUT1 is the poten-
tial for developing small mol-
ecules that could activate
them and, as a conse-
quence, slow down cone
degeneration in patients.
One may wonder why re-
searchers are focused on
protecting cones, and not
on preventing the death of
rods? There are a number of
reasons. First, since lack of
function in rods causes few
symptoms, patients often
visit ophthalmologists when
cones start to be affected.
By this time, however, many
of the rods have already de-
generated. Second, rods
should start to be protected
before the disease starts.
However, the onset of the
disease, even if the affected
members of a family can be
determined early, is often
not tractable, complicating
the design of clinical trials.
Despite these problems,
promising new ways of pro-tecting both rods and cones are
emerging (Byrne et al., 2015).
In summary, together with exciting
new gene therapy approaches to impact
oxidative stress (Xiong et al., 2015), his-
tone deacetylases (Chen and Cepko,
2009), and RdCVF (Byrne et al., 2015;
Le´veillard and Sahel, 2010), small mole-
cules targeting Basigin-1 or GLUT1 may
provide ways of slowing down a devas-
tating cause of blindness.REFERENCES
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Fertilization of both egg and central cell is a major distinguishing feature of flowering plants. Now,
Maruyama et al. report a third cell fusion event between the persistent synergid and the fertilized
central cell shortly after double fertilization in Arabidopsis. This causes rapid dilution of pollen
tube attractant(s), preventing polytubey.Almost 120 years ago, Sergei Gavrilovich
Navashin (1898) and Le´on Guignard
(1899) described independently for the
first time that two fertilization events occur
in lily, a major model plant at that time.
The universality of this observation was
confirmed in numerous flowering plant
species (angiosperms) and is now widely
considered as amajor feature distinguish-
ing angiosperms from all other organisms.
During the double-fertilization event, one
sperm cell fuses with the egg cell, forming
the embryo, and a second sperm cell fer-
tilizes the central cell, which develops into
the endosperm. This sounds simple, but
fertilization in angiosperms is a very com-
plex process: the two genetically identical
and immobile sperm cells are transported
via the pollen tube over long distances
(e.g., up to 30 cm in maize) through the
maternal tissues of the flower in order to
deliver them to the ovule. Many hurdles
have to be taken before the pollen tube
finally arrives at the embryo sac harboring
the two female gametes, egg and central
cell, as well as a number of accessory
cells, including two synergids (Figure 1).
The synergids are known as gland cells
playing a leading role in pollen tube
attraction and sperm release (for review,
see Dresselhaus and Franklin-Tong,
2013). In species like the model plantArabidopsis, usually only one pollen tube
arrives at the embryo sac and communi-
cates with the synergids until the tube tip
bursts simultaneously with the first syner-
gid, termed receptive synergid. A block to
polytubey (arrival of excess pollen tubes)
is established soon after fertilization and
minimizes the risk of polyspermy (fusion
of a female gamete with multiple sperms).
However, plants are capable of attracting
multiple pollen tubes—for example, when
gamete fusion fails—to maximize repro-
ductive success. In Arabidopsis, the sec-
ond synergid, persistent synergid, was
shown to be responsible for polytubey in
the case of fertilization failure and con-
tinues to attract pollen tubes until it de-
generates (Beale et al., 2012; Kasahara
et al., 2012). It was further indicated that
successful double fertilization induces a
block to polytubey and thus avoids the
delivery of additional sperm cells to the
embryo sac. But how is this block to poly-
tubey established? Nature has an aston-
ishingly simple solution for this problem,
which is now reported in this issue of
Cell byMaruyama et al. (2015): the persis-
tent synergid fuses with the huge fertilized
central cell (about 20 times larger volume,
which even quickly increases after fertil-
ization), and thereby pollen tube attrac-
tants are rapidly diluted. This peculiarphenomenon was named as synergid-
endosperm fusion (SE fusion; Figure 1).
Using various fluorescent markers to
label the cytosol, mitochondria, and
endoplasmic reticulum, Maruyama et al.
show by time-lapse imaging the mixing
of persistent synergid and endosperm
cytoplasm about 5 hr after fertilization,
when the fertilized central cell or primary
endosperm nucleus starts to divide.
They further show fusion of plasma
membranes of both cells, which was
never observed in unfertilized ovules.
Even more important and significant
are the experiments in which they inves-
tigate the quick dilution of the pollen
tube attractant AtLURE1 (Takeuchi and
Higashiyama, 2012). AtLURE1 signals
quickly decrease in the degenerated
receptive synergid after sperm release
but remain high in the persistent synergid.
A rapid decrease of AtLURE1 signals
was observed to coincide with the mea-
surements of the dilution of cytoplasmic
components. The attractant disappears
almost completely within 36 min after
initiation of SE fusion, a time point when
the primary endosperm nucleus divides.
The induction of SE fusion and thus rapid
dilution of AtLURE1 into the early devel-
oping endosperm is sensed by fertilization
success of the central cell, but not by
